Background: The asymptomatic fungal endosymbionts of plants called the endophytes are universal in their occurrence. The occurrence of some entomopathogenic fungi which infect and kill insect pests of crops as endophytes provides an excellent opportunity for using these fungi in biocontrol. A few studies substantiate this novel approach of pest management; however, since this facet of endophyte research is nascent, enquiries answering basic questions on various aspects of endophyte biology are essential to successfully implement endophytemediated biocontrol. In a collaborative research, we addressed a few of these questions including (i) to what extent do fungal genera reported to have entomopathogenic species colonize non-crops as endophytes? (ii) can an endophyte from a non-crop source and vested with anti-insect property survive as an endophyte when introduced into a crop? (iii) how does an anti-insect endophyte in a crop affect an insect pest? and (iv) can endophytes be used for controlling weeds? The results of this study show that endophytes have enormous potential as biocontrol agents and reiterate the need for concerted efforts to obtain more basic information about endophyte biology before they can be used effectively for biocontrol.
INTRODUCTION
Crop losses at the global scale due to biotic stressors such as weeds, pests (e.g. insects, mites and nematodes) and pathogens (e.g. fungi, bacteria and viruses) are substantial [1] and are predicted to increase as a consequence *Address correspondence to this author at the Vivekananda Institute of Tropical Mycology (VINSTROM), Ramakrishna Mission Vidyapith, Chennai 60004, India; E-mail: t_sury2002@yahoo.com of global warming [2] . The use of synthetic chemicals to control these biotic stressors has ensured that crop losses fall within economically viable levels. However, farmers of the developing world cannot afford the recently developed less toxic and more eco-friendly third-generation pesticides and would continue to use the more toxic older chemicals thus affecting the environment [2] . This is confounded by the evolution of resistance to pesticides among the pest and pathogen populations [3] , specifically because the numbers of active ingredients available are limited due to political prerequisites. Pests with different reproductive strategies such as aphids rapidly evolve to break the resistance of host plants conferred by resistance genes and the protection afforded by pesticides [4, 5] . Therefore an integrated pest management aiming at establishing a holistic approach to reduce crop loss by incorporating cultural, biological and chemical methods is advised to rationalize the use of chemicals. Under biological control methods using natural enemies of pests and pathogens to control crop loss, fungi such as species of Trichoderma spp. have been employed successfully to control soil borne pathogens and phytophagous nematodes [6, 7] . Entomopathogenic fungi such as Beauveria bassiana, Metarhizium anisopliae, Verticillium lecanii and Paecilomyces lilacinus infecting and killing insect pests have also been shown to be successful in the biological control of crop pests [8] [9] [10] [11] . Similarly, several fungal species have been shown to be effective against weeds which compete with crops for resources and reduce yields [12] . However, lack of information especially pertaining to the ecology of such fungi is hampering the effective use of in the control of crop pests [13] .
Endophytes are an ecological group of fungi which infect plants and survive within their living tissues without causing disease symptoms. These symptomless endosymbionts (mostly Ascomycetes and their anamorphic states) are ubiquitous and have been isolated from all plants (including the algae, bryophyta, pteridophyta, gymnosperms and angiosperms) which have been screened for their presence. Although in the last couple of decades endophytes have been studied for their ability to produce a variety of bioactive compounds [14] , enzymes of industrial importance [15] [16] [17] and to enhance the host plant's abiotic [18] and biotic stress tolerance [19] , many aspects of their biology remain unknown [20] . Interestingly, some genera of fungi such as Acremonium, Beauveria, Isaria, Paecilomyces and Verticillium which encompass well established entomopathogenic species surviveas endophytes in the tissues of non-crop and crop plants [10, 21] . Being natural symbionts of plants and not causing diseases in them make entomopathogenic endophytes admirably suitable for bicontrol program. Furthermore, most of these fungal species can be easily cultured to obtain large quantities of spores which are their infective propagules. Despite these desirable features, there are only limited studies on entomopathogenic fungi which exist as endophytes in plants [22] . In a pioneering study, Vega et al. (2008) demonstrated that the entomopathogenic fungi occurring as endophytes in coffee plants are potentially effective in controlling the coffee berry borer although the exact mechanism of insect control by these fungi is not clear [22] . Artificial establishment of entomopathogenic fungi as endophytes in plants has also been investigated as a method of pest control [11, 23, 24] . Apart from studies focusing on such fungi in individual crop species, information on their ecology and interaction with host plants are needed to effectively utilize them for crop protection [24] . Here, we address the following apparently disjointed issues of endophyte-mediated biocontrol: (i) what is the contribution of entomopathogenic fungi to the foliar endophyte community of non-crop plants such as forest trees? (ii) can an endophyte possessing insecticidal properties (not necessarily entomopathogenic) isolated from a non-crop sourcesurvive as an endophyte when introduced into a crop plant? (iii) how does an anti-insect endophyte in a crop affect an insect pest? and (iv) do endophytes exhibit weedicide activity? Based on the results of these basic studies we discuss issues needing further investigations to enhance the value of endophytes as biocontrol agents allowing for a more consistent implementation in integrated pest management programs.
MATERIALS AND METHODS

Collection Site
Twenty-five woody tree species each from a tropical dry thorn forest, dry deciduous forest and a montane evergreen forest situated in the NBR (Latitude 11°32' and 11°43'N, Long 76°22' and 76°45'E) were studied for their leaf endophytes to assess the frequency of occurrence of genera of fungi which are known to have entomopathogenic species.
Isolation of Endophytes
From each leaf, three segments (0.5 cm 2 ) were cut from the midrib region (including the lamina portion)-one each from the apical, middle and the basal region of the leaf. The one hundred and fifty leaf segments thus obtained from 50 leaves for each host species were surface sterilized by dipping them in 70 % ethanol for 5 s, followed by immersion in sodium hypochlorite (4 % available chlorine) for 90 s and finally rinsed in sterile distilled water for 10 s [25] . Such segments were plated on chloramphenicol (150mg l -1 ) amended Potato Dextrose Agar (PDA) medium contained in 9 cm diameter Petri dishes. The Petri dishes were incubated in a light chamber with a 12 h light:12 h dark cycle for 28 days at 26 ± 1°C to induce sporulation in the endophytes [26] . The light chamber had a bank of three 4 foot Philips day light fluorescent lamps. The tissue segments received about 2200 Lx of light through the Petri dish lid as measured by a Lutron (Germany) Lx-101 Lux meter. The leaf segments were inspected periodically and the fungi growing out of them were scored, isolated and cultured in PDA slants. They were identified on their cultural and spore morphology.
Extraction of Secondary Metabolites from the Sceretome [27]
The endophytes were cultured in potato dextrose broth (300ml) containing XAD-amberlite (Rohm and Hass, Philadelphia, PA, USA) resin beads. XAD is a polystyrene resin that adsorbs small molecular metabolites from the secretome of fungi and facilitates their easy extraction. The XAD beads were collected, suspended in 30 ml of methanol for 20 min, filtered and the methanol extract was concentrated to 1.5 ml in a Rotavapor (Buchi, Postfach, Switzerland) apparatus. This concentrated extract was used in the following assays.
Anti-Feedant Assay
20μl methanol extract of the secretome of an endophyte was placed on a leaf disc (10cm dia) of Abelmoschus esculentus and air dried. Four such leaf discs were provided as food for one larva of Helicoverpa armigera. For control, 20μl methanol extract of non-inoculated culture medium placed on leaf discs was provided as food. Five replicates were maintained and the area of the leaf eaten by the larvae was determined after 24 hours of incubation by placing the leaf discs on graph paper and measuring the uneaten area. For this assay, the secretomes of a few endophytes isolated from marine algae were also included since endophytes of macroalgae have been reported to be a promising source of novel bioactive compounds [28] .
Survival of Effective Endophyte in Alien Plant Crops [29]
The endophyte Trichoderma harzianum isolated from the brown marine alga Sargassum wightii (which was most effective as revealed by the above anti-feedant assay) was grown on PDA medium for one week under NUV light to induce sporulation. Although the brown algae are not plants, we refer to this endosymbiont as 'endophyte' for the sake of convenience. The spores were collected in sterile distilled water and the concentration of spore suspension was adjusted to 1 x 10 7 spores ml -1 . This spore suspension was sprayed on the mature leaves of ten 30-day old plants of Abelmoschus esculantus, Capsicum annum and Solanum melongena maintained in an open field at the rate of 10 ml per plant. Plants sprayed with water served as control. The leaves from sprayed and control plants were screened for the presence of this fungus as foliar endophyteon every 7 th day till the 42 nd day.The method stated under 'isolation of endophytes' was used to reisolate the endophyte from the leaves.
Assay for the Insecticidal Activity of Endophytic Strains of Trichoderma Harzianum
Since a T. harzianum surviving as an endosymbiont in non-plant host (brown alga) showed anti-insect effect, it was decided to study the established endophytic forms of this fungus for anti-insect activity. Trichoderma harzianum strains T39 (Makhteshim-AganLtD, Tel Aviv, Israel) and Tu (Uniseeds Co, Ltd, Thailand) were used in this study. To prepare the fungal suspensions, fungal conidia were harvested from 3-week-old PDA (potato dextrose agar) cultures with a camel hairbrush into a sterile beaker which contained 500ml sterile 0.1% Tween 20 solution. The suspensions were then homogenized by using a magnetic stirrer for 5 min and adjusted to 2×10 7 conidia ml -1 using a haemocytometer. The germination rates were examined by PDA medium using the method described in Posada and Vega (2005) to confirm the viability of the spores [30] . Cabbage plants (Brassica oleracea var. capitata L.) were used as host for the endophytes. Two weeks after the transplanting, the seedlings were gently removed from the pots and the soil was carefully washed off under tap water. The inoculation was performed by immersing the root of the seedlings into 2x10 7 conidia/ml spore suspension or sterile water (control treatment) for 30min, then the seedlings were transplanted into a new pot, irrigated regularly and fertilized once a week. Inoculated plants were kept in greenhouse chamber for another three weeks, and then they were used for feeding experiments, oviposition choice assays and for fungal re-isolation, qPCR detection (data for fungal reisolation and qPCR not shown). To test the insecticidal activity of inoculated cabbage plants on the diamondback moth the following experimental set-up was followed:
Cabbage plants were grown from seeds in a greenhouse chamber with a 16-hours photophase. 10-days-old seedlings were transplanted into 11 cm diameter plastic pots with soil (Standard 25) and sand mixture (3:1 volume). A colony of the diamondback moth (DBM; Plutella xylostella) was maintained in a cage (90cm×50cm×50cm) in an insect rearing room (18 ℃, L16:D8) on cabbage plants until needed. Dual-choice experiments were performed to evaluate the impact of the T. harzianum endophytic root inoculation on DBM preference and performance.
Cages (size: 90cm×50cm×50cm) were used to compare the oviposition behavior of DBM females on control and endophyte inoculated plants. Fresh pupae from the lab culture were carefully collected into a plastic box (18cm×15cm×5cm). After approximately 5 days, 5 pairs of newly emerged DBM were carefully transferred to vials. Two cabbage plants were placed into each cage on opposite sides, one plant root-inoculated with one of the Trichoderma strains mentioned above, while the other plant was treated with sterile water. The vials containing the DBM adults were placed between the two plants. To avoid any influence of light, the cages were kept in darkness for 48 hours. Thereafter the cabbage plants were removed from the cages and the number of the eggs on each plant (including the pots, stems, and leaves, respectively) was counted. The experiment was set up in were 10 replicates.
In the no-choice feeding experiment, second instar DBM larvae were carefully collected from the laboratory cultures. Clip cages were used to confine the larvae to the new fullyexpanded leaves (3 weeks after inoculation) until the larvae pupated approximate 8 days).Thereafter, pupae were carefully removed from the clip cages and weighed. Meanwhile, the leaf area consumed was calculated by using the software Digi-trace. Dual-choice clip cages (diameter: 6cm) were used in the DMB feeding choice assay, consisting of three perspex cylinders; two of them closed on one end with fine mesh. In order to protect the leaves from artificial damage, a sponge rime was glued to the edges of the open ends of the cylinders. The feeding choice assays were processed on non-detached leaves of whole plants in the same greenhouse chamber as previously mentioned.
Weedicide Assay [31]
Each endophyte was grown in PD medium (300ml) containing XAD for 20 days. The XAD was collected and washed in methanol and acetone (1:1). The concentrated extract was taken (100, 200 or 500 l) in vials and the solvent was evaporated overnight. 20ml of E-medium (KH2PO4 -KNO3 -1515mg Ca (No3)2 -1180 mg, MgSO4.7H20 -492 mg, H3BO3 -2.86 mg, MnCl2 -3.62 mg, FeCl3.6H2O -5.4 mg, ZnSO4.7H2O -0.22 mg, CuSO4.5H2O -0.08 mg, EDTA -11.2 mg, distilled water 1l) was added to the vials containing the 100, 200, 500 µl dried extracts. A Lemna minor plant having a rosette of three fronds was placed in each vial. The vials were placed in a glass dish filled with water and the dish was sealed with Para film. The dish with vials was incubated for seven days at 26˚C under fluorescent lamps. Three replicates were maintained for each concentration. Aquifoliaceae Ilex denticulata On the third day, the status of the plant (browning and death) was recorded. An extract obtained from an uninoculated medium and treated similarly served as control.
RESULTS
Prevelance of Entomopathogenic Genera as Endophytes in Non-Crop Plants
Twenty five tree species from each of the three forests viz. dry thorn (DT), dry deciduous (DD) and montane evergreen (EG) forest belonging to 13, 17 and 15 families respectively were sampled for the presence of entomopathogenous fungal genera such as Acremonium, Beauveria, Cladosporium, Clonostachys, Fusarium, Paecilomyces and Verticillium [22, 32] as foliar endophytes. Irrespective of the family to which a tree species belonged or the forest type where it grew, the colonization frequency of genera of endophytes which could possibly have entomopathogenous species was very low ( Table 1) . In DT forest, the highest mean colonization frequency % was observed for Paecilomyces sp. 1 (0.80); in DD, it was Fusarium sp. 2 (0.80) and in MD it was Nodulisporium (2.60). Entomopathogenic genera including Acremonium, Beauveria, Clonostachys, and Verticillium were not present as endophyte in any of the tree species screened.
Production of Ant-Insect Metabolites by NonEntomopathogenic Endophytes
In order to know if non-entomogenous endophytes produce anti-insect metabolites, we screened 90 endophytes isolated and maintained by VINSTROM from forest trees, marine algae and seagrasses for the production of anti-insect metabolites using Helicoverpa armigera larva. The antifeedant assay revealed that 9 the 90 fungi produced some metabolites exhibiting anti-feedant activity. Of these, a Trichoderma harzianum endophytic in the brown seaweed Sargassum wightii was most effective ( Table 2) . Inan earlier study, we had confirmed the identity of this fungus by sequencing the ITS1-5.8S-ITS2 region of its DNA [33] . Curvularia sp.
Sargassum wightii 80
Colletotrichum sp.
Terminalia bellerica 80
Corynespora sp.
Entada rheedi 91
Nigrospora sp. Turbinaria sp. 98
Survival of An Effective Anti-Insect Fungus as Endophyte in Non-Host Crops
Since this T. harzianum was isolated from a seaweed, it was of interest to know if it could survive as an endophyte in a crop. This fungus, when sprayed as a spore suspension on the leaves, was able to infect crop plants such as A. esculantus, C.annum and S. Melongena and survive as a foliar endophyte in them (Fig. 1) . However, reisolation experiments showed that the fungus could not remain as endophyte in these plants for prolonged periods (Fig. 1) . Its % recovery as anendophyte from the sprayed plant fell more rapidly in A. esculantus and C. annuam and was almost nil on the 28 th day after the spray treatment; in S. melongena, the recovery % fell at a slower rate and reached 0 on the 42 nd day after spray (Fig. 1) . These experiments conducted in VINSTROM indicated that endophytic T. harzianum could be an effective insect antagonist. To confirm this observation, two endophyytic strains of T. harzianum, T39 and Tu, were studied in GeorgAugust-Universität laboratory for some more anti-insect properties. The results of these experiments showed that when presented with a choice of endophyte-inoculated and control cabbage plants for oviposition, DBM laid significantly more eggs on control plants compared to Trichoderma-inoculated plants, irrespective of the Trichoderma isolate used (Fig. 2) . Although the plants were placed close to each other, DBM females were able to discriminate between the treatments and did not randomly place the eggs on the plants. Similarly, the dual-choice clip cage feeding assay showed that DBM larvae fed significantly more on the control plants compared to the inoculated plants (Wilcoxon's signed-rank test of Tu: p = 0.22; T39: p = 0,03), irrespective of the Trichoderma isolate used (Fig. 3) .
Endophytes Produce Weedicidal Compounds
We observed that the secretome of some endophytes contain weedicidal compounds. Of the 28 species of endophytes from different plants, the secretomes of 9, 14 and 17 endophytes caused browning and death of L. minor at 100, 200 and 500 l concentrations ( Table 3 and Plate 1). Several endophytes Fig. (1) . Recovery of algal endophyteTrichoderma harzianum from leaves of Abelmoschus esculantus, Capsicum annum and Solanum melongena after inoculation with spores.
including species of Botrytis, Colletotrichum, Curvularia, Periconia, Phomopsis, Trichoderma, Xylaria and Sterile form 6 showed weedicide effect at the minimum concentration tried ( Table 3) .
DISCUSSION
Endophytes contribute to the ecological success of their host plants enhancing their abiotic stress tolerance and defend them from pests and pathogens. It is therefore hypothezised that they played a seminal role in the evolution of plants [34] . Their nondisease causing nature and universal occurrence in plants along with their anti-pest/pathogen traits make endophytes ideal candidates for use in biocontrol [35] . Although several studies reporting on fungal endophytes in crop plants substantiate this view [10, 11, [36] [37] [38] , there are many gaps in our knowledge regarding endophyte-plant host-pest/pathogen tripartite interactions limiting the effectiveness and the implementation of this strategy. Vidal and Jaber (2015) have highlighted many facets of endophyte-mediated pest control which need detailed study for the successful implementation of this ecological group of fungi in biocontrol [24] . Endophytism being a successful life strategy has culminated in the wide spread occurrence of fungi as plant endosymbionts [20] . Endophytes have broadened their host range by evolving many generalist species resulting in their loose host taxonomic affiliation and wide geographic distribution [39] [40] [41] . For instance, the beneficial endophytes isolated from a monocot plant upon transfer to eudicot plants survive and continue to function as endophytes [42] . Furthermore, endophytes ward off insect pests [19, 43] and reduce damage caused to crops by pathogenic fungi and bacteria, and phytophagous nematodes [44] . Such a broad host range and antipest properties of endophytes should motivate the screening of non-crop plants of different taxonomic and habitat category for identifying effective biocontrol agents including entomopathogenic and anti-insect endophytes. Fungi which are non-entomopathogenic but are opportunistic pathogens of pests are being increasingly used in biocontrol [45, 46] . The import of Fig. (2) . Number of eggs found on control and Trichoderma harzianum root inoculated plants in a dual-choice oviposition assay. Five pairs of adult DBM were used in a single experiment; 10 experiments were performed in each treatment. Stars indicate significant differences (p<0.01) by goodness-of-fit test expecting a random distribution of the eggs between plants. Fig. (3) . Mean leaf area removed per DBM larvae during the dual-choice feeding assays on control and Trichoderma harzianum (strains T39 and Tu) root inoculated cabbage plants.
such a screening is underscored by our finding that a T. harzianum endophyte from a non-plant host (brown seaweed) was effective against the devastating crop pest H. armigera andwas able to survive as an endophyte in some crop plants. Although we show that an endophyte from an alien host could colonize crops, its efficacy in warding off pests in the field is yet to be demonstrated. Furthermore, the introduced endophyte is eliminated by the crop with time necessitating periodic reinoculation to maintain effective density of the endophyte. Successful colonization and survival of such anti-insect fungi in a crop as endophytes depends on many factor such as the method of inoculation, crop plant species and its growing conditions, and last but not least the fungal strain used [47] . The native endophyte community existing in a plant tissue could also inhibit the establishment alien form as endophytes; Mohandoss and Suryanarayanan (2009) showed that the non-native fungi could establish themselves as endophytes in mango leaves only after some native endophytes are eliminated by a systemic fungicide treatment [48] . In the present study, we found that DBM do not prefer T. harzianum-inoculated plants for oviposition or as feed. The type of interaction between endophyte and phytophagous insects could vary. While leaf-cutter ants avoid leaves supporting heavy load of endophytes [49] , painted grasshoppers feed equally on Calotropis leaves with and without a heavy load of foliar endophytes [50] . These results warrant detailed investigations on the basics of interactions of endophyte-plant host -insect pest success in endophyte-mediated biocontrol. Vega et al. (2008) reported that many entomopathogenic + = activity observed -= no activity fungal genera, including B. bassiana, are able to survive as endophytes in tissues of coffee [22] . Gazis and Chaverri (2015) observed the occurrence of many entomopathogenic fungi as endophytes in plants of the Amazonian region [38] .
There are hardly any studies on the occurrence of entomopathogenic fungal genera as endophytes in non-crops such as forest trees. In the present study on the trees species of relatively dry tropical forests of the Western Ghats we found that entomopathogenic endophytes are not common. It is likely that the native community of endophytes in the leaves of these tree species inhibit the establishment of such endophytes [29, 48] . It is suggested that insects disseminate entomopathogenic fungi among crops [51] and endophyte density in crop plants is positively correlated with insect visitations [43] . In the light of these observations the question why crop plant species support more entomopathogenic genera as endophytes when compared to tree species needs to be addressed.
A plant organ such as a leaf harbours a high diversity of endophyte species in different densities [52, 53] . The interactions in the plant tissue milieu could be between the endophyte species supported by it, between the plant tissue and Plate (1). Lemna minor plant showing weedicidal activity of the extract from an endophyte secretome. Fig. (4) . a)Endophyte elaborates anti-pathogen/pest metabolites which ward off the pathogen; b) Endophyte infection activates several defence genes of the host resulting in heightened resistance.
its endophytes, as well as between the endophytes and pests and pathogens dependant on that tissues. The details of these possible interactions are not known [20, 24, 54] . We envisage a few possible scenarios of these interactions here with a view to design better methodologies to improve the performance of endophytes as biocontrol agents. An endophyte could ward off insect an pest or pathogen by elaborating specific secondary metabolites in planta [55] (Fig. 4a) ; in cocoa, endophyte infection upregulates numerous defense genes of the host plant resulting in enhanced resistance of the plant [56] ; metabolomic analyses revealed that the inoculation of Cirsium arvense leaves with spores of an endophytic Chaetomium cochlioides induces the production of metabolites which are normally produced by the plant as a response to herbivory or pathogen invasion [57] , (Fig.4b) . Thus, inoculating a crop with an endophyte which upregulates most defence-related genes or elaborates insect-deterring metabolites could be an effective strategy. Alternatively, an endophyte could exclude a pathogen if its nutritional niche overlaps that of the pathogen [54] (Fig.  5a ). Employing phenotypemicroarrayand a niche overlap index, Blumenstein et al. (2015) demonstrated that the nutritional niche of endophytes of Ulmus sp. overlaps widely with that of its fungal pathogen Ophiostoma novo-ulmi [54] . Schulz et al. (2015) hypothesise that since a plant tissue hosts many endophyte species, a successful endophyte could be one which secretes antifungal and antibacterial metabolites in planta thus inhibiting its competitors [58] . Recent findings of Yan et al. (2015) that endophytes in a herb secrete metabolites which are detrimental to co-colonizers lend credence to this [59] . Mohandoss and Suryanarayanan (2009) showed that exclusion of some endophytes from the leaves of Mangifera indica by a fungicide treatment resulted in the colonization of the leaf by non-native endophytes suggestive of an in vivo inter-specific competition among endophytes [48] . Thus, a situation similar to antibiosis in soils could operate in tissues harbouring a suit of endophytes where an antibiotic produced by an endophyte as a result of interspecific competition could ward off a pathogen (Fig. 5b) .
Endophytes can biotransform natural products, especially of their host origin [60] [61] [62] . Given this ability, it can be conceived that an endophyte biotransforms an 'ineffective' host or co-occurring endophyte's metabolite in to an active form which inhibits a pest/pathogen attacking the plant (Fig.  5c) .
The inside of a plant tissue is a complex microhabitat for an endophyte as it has to establish an infection, colonize the tissue, survive the interspecific competition as well as counter the host defence reactions. In this context, the work of Estrada et al. (2012) is instructive [55] . They showed that when Fusarium verticillioides is present as an endophyte in Zea mays, it reduces the aggressiveness of the plant's pathogen Ustilago maydis; the endophyte also degrades the defensive chemicals produced by the plant against the U. maydis pathogen. Therefore it is critical to know the mode of action of the fungus in question for an effective and sustained endophyte-mediated biocontrol.
Once an effective endophyte and its mode of action are known, gene silencing and promoting methods could be used to improve its performance as a biocontrol agent. For instance, endophytes carrying endoviruses which induce the expression specific fungal genes [63] could be chosen for action against specific herbivorous pests. It is imperative that an effective biocontrol endophyte does not produce toxic secondary metabolites such as mycotoxins. Induction of small interfering RNAs (siRNAs) in the host plant could be an effective mechanism to silence specific fungal genes [64] such as those coding for mycotoxins [65] . Masci et al. (2014) induced RNAi expression in a plant pathogenic fungus by direct transfection with plant virus vector [66] . Considering the advantages of this technique over the conventional gene knockout approaches [66] , it could be used to express or silence specific genes of an endophyte to enhance its biocontrol potential.
Yet another facet of biocontrol is the possible use of chitinase enzymes in managing insect pests and fungal pathogens of plants [67, 68] . Here again, it would be worthwhile to screen endophytes for variants of chitinase, chitosanase and chitin deacetylase enzyme, as our studies on endophytes of land plants [69, 70] and marine algae and seagrasses [71] show that they elaborate a high diversity of such chitin modifying enzymes.
Many endophytes are closely related to phytopathogenic fungi [72] [73] [74] . The causal organism of pepper spot disease of peanut in many peanut growing areas of the world exists as symptomless endophyte in the leaves of many varieties of peanut cultivated in the state of Tamilnadu, India [75] . It is now known that the infection by endophytes upregulates many defense genes in plants [56] . Therefore, it is reasonable to argue that inoculation of crop cultivars by permanently avirulent endophyte strains should increase their resistance to pathogenic strains of the fungus -a situation akin to systemic acquired resistance in plants induced due to infection by avirulent pathogens [76] .
There are very few studies on the possible use of endophytes to control weeds. In a recent work, Bao et al. (2015) reported that aqueous extracts of the hemiparasitic weed Pedicularis kansuensis inhibited more the seed germination and seedling growth of grasses devoid of their systemic fungal endophyte compared to those harbouring the endophyte [77] . We demonstrate for the first time that some of the non-systemic fungal endophytes do produce metabolites inimical to weeds. It is not clear what ecological benefit would accrue to the plant symbiont by the production of metabolites which are lethal to its host. Identification of such bioactive compounds of endophyes specific to weeds may lead to the development of novel weedicide formulations.
The use of entomopathogenic and anti-insect fungi or anti-pathogen metabolite(s) producing fungi as endophytes in crop plants along with other prescribed control practices could reduce considerably the dependence on synthetic chemicals for pest and disease management of crops. However, knowledge regarding the successful route of inoculation, inoculum dose, period of survival of an introduced endophyte in a crop plant, its interactions with the resident endophytes and the crop cultivar, the loss suffered by the crop versus the benefit it gains in supporting the endophtye for every effective endophyte-crop plant combination is essential for the successful implementation of this novel method of biological control [24, 47] .
In conclusion, our basic study underscores the need to screen plants and non-plants of different habitats for entomopathogenic and anti-insect endosymbiotic fungi. Futhermore, it highlights the importance of screening endophytes for weedicidal compounds. We emphasise the need for focused studies for better understanding of the interaction between endophytes and their plant hosts and the biotic stressors of the host plants to enhance the success of using endophytes for biological control.
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